However, whether miR-141 is involved in the pathogenesis of Hirschsprung's disease (HSCR) remains unknown. Here, we design the experiment to reveal the relationship between miR-141 and HSCR. Methods: Quantitative real-time PCR and Western blot were used to detect the expression levels of miR-141 and its potential genes in 70 tissues of HSCR compared with 60 of the aberrant expression level of miR-141. We employed a dual-luciferase reporter assay to validate the regulation relation between miR-141 and CD47/CUL3. Cell migration, proliferation, cytometry, respectively. Results: MiR-141 was down-regulated whereas CD47 and CUL3 expression was increased in colon tissues from patients with HSCR compared with control group, The increased level of CD47 and CUL3 induced by miR-141 reduced proliferation and migration of 293T and SH-SY5Y cells. Furthermore, this suppression was reversed by reducing of CD47 and CUL3. Hypermethylation of a CpG Island in the promoter region of miR-141
Introduction
MicroRNAs(MiRNAs) are small, non-coding RNA molecules that are about 19-25 nucleotides long [1] . They could regulate target genes by triggering mRNA degradation or translational repression through complementary binding to the 3'-untranslated regions of target mRNAs [2] . MiR-141, a member of the miR-200 family, was highly associated with various human diseases especially malignancies such as gastric cancer, colon cancer, prostate and pancreatic cancer [3] . Extensive research found that miR-141 was involved in various diseases by affecting cell biological processes such as cell proliferation, migration, survival, and cell cycle or apoptosis through regulating its target genes [4] . However, whether miR-141 is involved in HSCR still remains unknown. A deeper understanding of miRNAs during enteric nerve system development which may induce HSCR is very necessary.
Hirschsprung's disease (HSCR) is a common congenital disease in newborns. In live births, the incidence of this disease is about 1:2000-1:5000, while males are affected 4 times more often than females [5] . It is characterized that the migration of the enteric neural crest cells (ENCCs) stopped and failed to get to the hindgut during embryogenesis from 5 to 12 weeks, which caused the absence of ganglia cells in the intramural and submucosal along variable lengths of gastrointestinal tract [6] . The etiology studies of HSCR have shown that it is a complicated procedure in disease development, including genetic factors and with the pathogenesis of HSCR [8] . However, whether miRNAs are involved in HSCR has not been reported.
This study was focused on miR-141 and was to explore its potential biological characteristics in the pathogenesis of Hirschsprung's disease.
Materials and Methods

Patients and tissues samples
This study was approved by the Institutional Ethics Committee of Nanjing Medical University. In the study, all activities involving subjects were done under compliance with the government policies and the Helsinki Declaration. A total of 70 HSCR colon tissue specimens were obtained from HSCR patients acquired 2009 to May 2012 (NJMU Birth Cohort). All the patients were diagnosed by barium enema and anorectal manometry evaluation before surgical procedures. After surgery, pathological detection was performed to patients received surgical treatment because of intussusception or incarcerated and strangulated inguinal hernia, and these patients were proved without HSCR or other congenital malformation. All of Children's guardians were provided informed consent for the use of the tissues before surgery. After surgical removal,
The prediction of potential target genes of miR-141
Three database including miRGen (http://www.diana.pcbi.upenn.edu/miRGen/v3/miRGen. html), PicTar (http://pictar.mdc-berlin.de/) and TargetScan (http://www.targetscan.org) were used to predict the potential target genes of miR-141.
Quantitative RT-PCR
Total RNAs were extracted from tissues using Trizol reagent (Invitrogen Life Technologies Co, CA, USA) according to the protocol of the manufactory. The cDNA synthesis used for miR-141 quantitation was carried out with TaqMan MicroRNA RT Kit (Applied Biosystems, CA, USA). And TaqMan ® MicroRNA Assay (Applied Biosystems, CA, USA) was used as the probe. Hsa-U6 snRNA was acted as a normalized control.
Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry
Quantitative RT-PCR was performed to determine the mRNA expression levels of ATNX1, IRS2, CD47, CHD9 and CUL3, GAPDH was used as an endogenous control. All the primer sequences were shown in Table 1 .
Protein analysis
For western blot, total proteins were extracted from tissues or cultured cells using RIPA buffer while the membrane protein were extracted by ProteoExtract ® Transmembrane Protein Extraction Kit (Merck KGaA, Darmstadt, Germany). Protein concentrations were determined by BCA method. Primary polyclonal antibodies were purchased from Santa Cruz (Santa Cruz Biotechnology, CA, USA): CD47 antibody (SC7057), CUL3 antibody (SC8556). The secondary antibodies were anti-goat HRP-linked. The blots were developed using ECL reagent (Millpore, MASS, USA). GAPDH antibody was used as an endogenous control. least three times.
Genomic DNA was isolated from samples of patients with HSCR and controls. The DNA samples were TM Kit (QIAGEN, Valencia, CA), according to manufacturer's instructions. DNA methylation of miR-141 was analyzed using Life Technologies Co, CA, USA), and individual clones were sequenced using M13 reverse primer and an automated ABI Prism 3730xl Genetic Analyser (Applied Biosystems, CA, USA). Approximately 10 different clones from each PCR product were sequenced to characterize the methylation status of the CpG sites.
Cell culture and transfections
VA, USA), which were cultured in complete growth medium (Hyclone, UT, USA), supplemented with 10% 2 . Synthetic miRNA molecules of miR-141 mimics, inhibitor, normal control and siRNA of CD47/CUL3 (GenePharma, before transfected, using Lipofectamine 2000 (Invitrogen Corp, CA, USA).
Dual-luciferase reporter assay
The 3'-UTR sequence of CD47 and CUL3 predicted to interact with miR-141 and the mutated sequence were inserted into the KpnI and SacI sites of pGL3 promoter vector (Genscript, Nanjing, China). These constructs were named pGL3-CD47, pGL3-CUL3, pGL3-CD47-mut and pGL3-CUL3-mut. A Renilla luciferase
Bioinformatics: Predict potential targeting genes of miR-141
To predict potential target genes of miR-141, bioinformatics methods were used. We applied three different databases to predict genes which are potential regulated by miR-141. Five genes with the highest score presented in all the software above were selected as candidate genes including IRS2, CD47, ATXN1, CUL3 and CHD9 (Table 2) . hypermethylation TaqMan qRT-PCR was used to detect the relative expression levels of miR-141 in different groups which was normalized to the levels of snRNA-U6. The expression levels of miR-141 in -7 ) (Fig.  1A) . Besides, methylation status of a CPG island in the promoter region of miR-141 gene by using the BSP method indicated a hypermethylation status in 70 human colon tissues of -3 ) (Fig. 1B) . The methylation status of samples is shown in Figure 2 . 
Cellular Physiology and Biochemistry
To detecte whether these candidate genes were involved in HSCR, TaqMan qRT-PCR methods were used to examine the expression level of these candidate genes. CD47 expression -10 ) (Fig. 1C) as well as CUL -9 ) (Fig. 1D) . However, the expression levels of ATNX1, and CHD9 levels of CD47 and CUL3, and found that the protein levels of CD47 and CUL3 were consistent with their mRNA expression levels (Fig. 1C, D) . Quantization of Western-blotting was done (Fig. 3) .
Correlation analysis of miR-141 and CD47/CUL3
We further analyzed the correlation between miR-141 and CD47/CUL3 with the relative expression level of miRNA or mRNA in cases and controls by using Pearson correlation
MiR-141 negative regulated CD47/CUL3 in cell lines
To verify whether CD47 and CUL3 are two target genes of miR-141, we performed the miRNA luciferase reporter assay. We constructed both the wild type and mutant type luciferase reporter plasmids with the binding region of 3'-UTR of CD47 and CUL3 mRNA (Fig. 4A) . By co-transfecting miR-141 mimics, control and wild type or mutant type luciferase luciferase activity in cell lines co-transfected miR-141 mimics and pGL3-CD47 or pGL3-CUL3, as compared with the control (Fig. 4B) . The result illustrated that miR-141 regulated CD47 or CUL3 by combining to the 3'-UTR of mRNA. Each experiment was conducted three times in triplicates. Besides, in order to detect the alternation of expression level of CD47/CUL3, results showed that the mRNA and protein levels of CD47 and CUL3 were increased in cell lines transfected with miR-141 inhibitor (Fig. 4C, D) .
without affecting cell apoptosis and cell cycle progression cell migration assay. The result showed the number of migrated cells transfected with miRcontrol group was normalized to 1.
By using MTT assay, cells proliferation ability was measured after transfecting with 5B, cell proliferation was suppressed with the reduction of miR-141.
whether miR-141 is involved in the apoptosis and cell cycle progression. We found that the percentage of apoptosis cells was no difference between cells transfected with miR-141 inhibitor and normal control. Similarly, miR-141 inhibitor did not affect cell cycle progression when compared with normal control (Fig. 6) . DNA methylation is considered to be a hallmark of human tumors [12] . Abnormal DNA methylation was found closely related to human life processes such as diet [13] , infertility [14] . DNA methylation is also involved in the regulation of miRNAs. Aberrant methylation of a CpG island located in the promoter region of miR-141 gene in invasive breast cancer cells and other cancer cells have been reported [15] . To detect whether miR-141 participated in the process of HSCR through the miR-141-CD47/CUL3 pathway, we conducted the experiment in vitro. To determine the functional relevance of miR-141, we performed cell proliferation assay and migration assay in vitro results showed that miR-141 inhibited cell proliferation and migration via directly targeting CD47 and CUL3 belongs to the immunoglobulin superfamily, and has been reported to be involved in many and diverse cellular processes, including apoptosis, proliferation, adhesion and migration [16] . Previous studies have documented a role for CD47 in migration of multiple cell types, including neutrophils, endothelial cells, and smooth muscle cells [17] . In addition to its expression in other extraneural tissues, CD47 was known to be expressed in the brain, and its expression has been reported to be associated with memory formation in rat model [18] . CUL3, a Cullin family scaffold protein, was reported to control early embryonic development in several genetic models through mechanisms not understood [19] . It was reported that dysfunction of the Cul3/BACURD complex decreases cell migration potential and impairs RhoA-mediated convergent extension movements during Xenopus gastrulation [20] . All the information supported our result that CD47/CUL3 participated in cell processes, especially in cell migration. By cutting down the expression of CD47 and CUL3 could be reversed. group with others in order to detect the reversed affection. Migration and proliferation were partly reversed after co-transfected with miR-141 and CD47 or CUL3 siRNA when compared with the cells transfected with miR-141, and were much more restored after co-transfected with miR-141 and CD47/CUL3 siRNA. Data were presented as mean ± SEM from three separate experiments performed in triplicates, and were
Based on all the results in vitro, we speculate miR-141 indeed inhibited cells migration and proliferation through up-regulated CD47 and CUL3. In conclusion, we speculate that during enteric nervous system development, hypermethylation in miR-141 gene reduced the expression of miR-141, and resulted in the over-expression of CD47 and CUL3. This mechanism induced the suppression of cell migration and proliferation, thus may result in the failure of ENCCs to reach the distal direction in the mechanism of neural crest cell migration stasis which was the main etiology may provide new targets via miR-141 and methylation in diagnosis and therapy of HSCR in the future.
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